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CLAIMS 



[Claim (s) ] 

[Claim 1] Polish liquid for metals containing a fluorine-containing compound and 
water , 

[Claim 2]Polisli liquid for metals according to claim 1 whose fluorine -containing 
compound is at least one sort chosen from an organic fluorine compound, inorganic 

fluorine compounds, and those ammonium salt. 

[Claim 3] Polish liquid for metals according to claim 1 or 2 which contains a 
metaled oxidizer further* 

[Claim 4] Polish liquid for metals according to claim 1 to 3 which contains a 
metal oxide resolvent further. 

[Claim 5] Polish liquid for metals according to claim 1 to 4 which contains 

further the protective coat formation agent to a surface of metal. 

[Claim 6] Polish liquid for metals according to claim 1 to 5 which contains a 

water soluble polymer further. 

[Claim 7 j Polish liquid for metals according to claim 3 to 6 whose metaled 
oxidizer is at least one sort chosen from a hydrogen peroxide, a nitric acid, a 
potassium periodate, a hypochlorous acid, and ozone water. 

[Claim 8] Polish liquid for metals according to claim 4 to 7 whose metal oxide 
resolvent is at least one sort chosen from an organic acid. 

[Claim 9] Polish liquid for metals according to claim 5 to 8 whose protective coat 
formation agent is at least one sort chosen from a nitrogen-containing compound 
and its salt, the mercaptan, the glucose, and the cellulose, 

[Claim 10] Polish liquid for metals according to claim 6 to 9 it is [ liquid ] at 
least one sort as which the water soluble polymer was chosen from the group which 
it becomes from polyacrylic acid or its salt, polymethacrylic acid or its' salt, 
poly aery 1 amide, polyvinyl alcoholr and a polyvinyl pyrrolidone. 

[Claim 11] Polish liquid for metals according to claim 6 to 10 using at least two 
or more sorts from which 500 or more weight average molecular weight differs [ 
the weight average molecular weight of a water soluble polymer ] . 

[Claim 12] Polish liquid for metals which contains an abrasive grain in the polish 
liquid for metals according to claim 1 to 11 1 or less % of the weight. 

[Claim 13] Polish liquid for metals according to claim 1 to 12 whose metal 
membrane ground is the barrier layer of copper, and a copper alloy. ^ . 

[Claim 143 Polish liquid for metals according to claim 13 whosq above-mentioned 
barrier layers are a tantalum, tantalum nitride, a tantalum alloy, and other 
tantalum alloys. 

[Claim 15] The polish approach which grinds the ground film by moving a turn table 
and a substrate relatively where the substrate which has the gxound film^is 
pressed to abrasive cloth, supplying the polish liquid for metals according to 
claim 1 to 14 oh the abrasive cloth of a turn table. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[000X3 

[Field of the Invention] Especially this invention relates to the polish approach 
using the polish liquid for metals and it in the wiring process of a 
semiconductor device . 
[0002] 

[Description of the Prior Art] In recent years, new ultra-fine processing 

technology is developed with high integration of a semiconductor integrated 
circuit (it is described as Following LSI), and high-perf ormance-izing. chemical 
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machinery polish (it is described as Following CMP) it is the technique in 
which law is also one of them and is freqxAently used in flattening of the 
interlayer insulation film in an LSI production process, especially a 
multilayer- interconnection formation process, metal plug formation, and embedding 
wiring formation. This technique is indicated by U.S. Pat. No. 4944836. 

[0003 ] Moreover , in order to high-perf ormance-ize LSI recently, use of a copper 
alloy is tried as a wiring material. However, micro processing by the dry etching 
method frequently used by formation of the conventional aluminium alloy wiring is 
difficult for a copper alloy* Then, the so-called DAM^SHXN method which deposits 
and embeds a copper alloy thin film on the insulator layer which has formed the 
slot beforehand, removes copper alloy thin films other than a slot by CMP, embeds 
them, and forms wiring is mainly adopted. This technique is indicated by 
JP, 2^278822, A, 

[0004] The general approach of metaled CMP sticks a scouring pad on a circular 
turn table (platen) , dips a scouring pad front face with the polish liquid for 
metals, forces the field in which the metal membrane of a base was formed, where 
a predetermined pressure (it is described as the polishing pressure" force below) 
is applied from the rear face, it turns a turn table, and it removes the metal 
membrane of heights by the mechanical friction of polish liquid and the heights 
of a metal membrane. 

[0005] Generally the polish liquid for metals used for CMP consists of an oxidizer 
and a solid-state abrasive grain, and a metal oxide resolvent and a protective 
coat formation agent are added further if needed. A metal membrane front face is 
first oxidized by oxidation, and it is considered to be a fundamental mechanism 
to shave off the oxidizing ^one with a solid-state abrasive grain. Since the 
oxidizing zone of the surface of metal of a crevice seldom touches a scouring pad 
and the effectiveness by the solid-estate abrasive grain to shave off does not 
reach, with advance of CHP, the metal layer of heights is removed and flattening 
of the base front face is carried out. It is indicated about this detail by 
3460-3464 pages of volume [ 138th ] No. 11 (1991 issue) of Journal of 
Electrochemical Society (Journal of ElectrochemicalSoci ety) . 

[0006] To add a metal oxide resolvent as an approach of raising the polish rate by 

CMP is confirmed. If the grain of the metallic oxide shaved off with the 
solid""State abrasive grain is dissolved in polish liquid, it can be interpreted 
as it being for the effectiveness by the solid-state abrasive grain to shave off 
to increase. However, if the oxidizing zone on the front face of a metal membrane 
of a crevice is also dissolved (it is described as etching below) and a metal 
membrane front face is exposed, a metal membrane front face will oxidize further 
with an oxidizer, if this is repeated, etching of the metal membrane of a crevice 
will advance, and we are anxious about the flattening effectiveness being 
spoiled. In order to prevent this, a protective coat formation agent is added 
further » It is inqoortant to balance the effectiveness of a gold oxide group 
resolvent and a protective coat formation agent, it is seldom etched, but the 
shaved-off grain of an oxidizing zone is dissolved efficiently, and, as for the 
oxidizing zone on the front face of a metal membrane of a crevice, it is 
desirable for the polish rate by CMP to be large. 

[00071 Thus, while a CMP rate (polish rate by CMP) improves by adding a metal 
oxide resolvent and a protective coat formation agent, and adding the 
effectiveness of a chemical reaction, the effectiveness that the damage on a 
metal layer front face {damage) hy which CMP is carried out is also reduced is 
acquired. 

[0008] however, in performing embedding wiring formation by CMP using the polish 
liquid for metals containing the conventional solid-'State abrasive grain (1) 
Generating of the phenomenon (it is described as dishing below) in which it is 
corroded isotropic and the surface central part of embedded metal wiring becomes 
depressed like a pan, (2) Problems, such as a cost rise resulting from that the 
washing process for removing the solids-state abrasive grain which remains on 
generating of the polish blemish (scratch) originating in a solid-state abrasive 
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grain and the base front face after (3) polishes is complicated, and the cost 
price of the (4) solid-state abrasive grain itself and waste fluid processing, 
arise, 

[0009] In order to control the corrosion of dishing or the copper alloy under 
polish and to form reliable LSI wiring, the approach using the polish liquid for 
metals containing the gold oxide group resolvent which, consists of aminoacetic 
acid or aiaidosulf uric acid, such as a glycine, and BTA (benzotriazol) is 
advocated. This technique is indicated by JP, 8- 8 37 80, A. 

[0010] In metal embedding formation of plug wiring forxaation of DAMASHIN wiring 
fonaation of copper or a copper alloy, a tungsten, etc., when the polish rate of 
the diacid-ized silicone film which is an interlayer insulation film formed in 
addition to an embedding part is also large, SHININGU to which the thickness of 
wiring becomes thin the whole interlayer insulation film occurs. Consequently, 
since dispersion in resistance arises with an increment, a pattern consistency, 
etc, of wiring resistance, the property that the polish rate of a diacid-ized 
silicone film is sufficiently small is required from the metal membrane ground. 
Then, the approach of making pH of polish liquid larger than electric 
dissociation exponent-0.5 is advocated by controlling the polish rate of 
diacid-ized silicon with the anion produced by dissociation of an acid. This 
technique is indicated by for example, the patent Ho, 2819196 official report. 

[0011]On the other hand, a tantalum, a tantalum alloy and tantalum nitride, other 
tantalum compounds, etc, are formed in lower layers, such as copper of wiring, or 
a copper alloy, as a barrier layer for copper diffusion prevention into an 
interlayer insulation film. Therefore, it is necessary to remove the exposed 
barrier layer by CMP except the wiring part embedding copper or a copper alloy, 
however, these barrier layers — a conductor — since the degree of hardness is 
high compared with copper or a copper alloy, as for the film, CMP rate sufficient 
in the combination of the abrasive materials for copper or copper alloys is not 
obtained in many cases, then, the. 1st process which grinds copper or a copper 
alloy and a barrier layer — the two-step polish approach which consists of the 
2nd process which grinds a conductor is examined. 

[0012] By the two-step polish approach which consists of tbe 1st process which 
grinds copper or a copper alloy, and the 2nd process which grinds a barrier 
layer, since the degree of hardness and chemical property of the ground film 
differ from each other, the thing of a considerably different property is 
examined about constituents, such as pR of polish liquid, an abrasive grain, and 
an additive. The tantalum compound of a tantalum, the tantalum alloy and tantalum 
nitride which are used as a barrier layer, or others is chemically stable, 
etching is difficult for it, and it is supposed at the room temperature that it 
is the compound which can be etched only a fluorine-containing compound. However, 
only with the fluorine-containing compound, it is supposed that the high CMP 
polish rate of a tantalum or tantalum nitride is not obtained, and the polish 
technique of the barrier layer using tlie polish liquid containing both an 
abrasive grain and a fluorine-containing compound is developed. This technique is 
indicated by JP, 10-67986 , A, 
[0013] 

[Problem (s) to be Solved by the Invention] However , when forming wiring and a plug 
by CMP using the abrasive material which contains the solid-^state abrasive grain 
for the conventional metal membrane polish as a principal component, the problem 
mentioned to the following (1) - (6) at least has occurred. 

(1) Generating of the phenomenon (it is henceforth described as erosion) in which 
the insulator layer front face of the phenomenon (dishing) and the wiring section 
perimeter which the surface central part of metal wiring embedded to the interior 
of the slot formed in the insulator layer is ground more superfluously than a 
circumference part, and are dented is ground, (2) Generating of the polish 
blemish (scratch) by the solid-state abrasive grain for polish, the increment in 
a washing process originating in many polish abrasive grains remaining on the 
wafer front face after (3) CMP, (4) Cost quantity of the article of consumption 
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used for CMP originating in the manufacturing cost of an abrasiv© grain, the 
abrasive grain blinding on a pad, etc, (5) (6) recycle which needs the abrasive 
grain precipitate prevention device in an abrasive material supply system, the 
raising dust reduction device in the clean room accompanying abrasive grain use, 
waste fluid processing, etc. is not easy, and it is cost quantity. It is the 
cause that all the above-mentioned troubles perfoim CMP by the abrasive material 
containing a high- concent rat ion polish abrasive grain. However, the tantalum 
compound of a tantalum, the tantalum alloy and tantalum nitride which are used as 
a barrier layer, or others is supposed that etching is difficult, it is 
chemically stable, mechanical polish is not so easy as copper or a copper alloy, 
either, since the degree of hardness is high, and it is necessary to raise the 
degree of hardness of an abrasive grain. So, when the polish crack occurred in 
copper or a copper alloy when the degree of hardness of an abrasive grain was 
raised, it became the cause of a poor electrical property or particle 
concentration of an abrasive grain was made high, the polish rate of a 
diacid-ised silicone film became large, and there was a problem that erosion 
occurred. Furthermore, the f luorine~-containing compound had the problem that 
erosion increased, by the polish approach of the barrier layer using the polish 
liquid containing both an abrasive grain and a fluorine-containing compound in 
order to etch not only a barrier layer but a diacid-ized silicone film. This 
invention offers the polish approach using the polish liquid for metals and it 
which discover the high CMP rate of a tantalum or tantalum nitride, enable high 
flattening, the amount reduction of dishing, and the amoiint reduction of erosion, 
and make possible embedding pattern formation of a reliable metal membrane, 
moreover, this invention copper or a copper alloy, and a barrier layer a 
conductor can be ground efficiently continuously and the polish approach of the 
substrate which makes possible embedding pattern formation of a reliable metal 
membrane is o f f e red . 
[0014] 

[Means for Solving the Problem] This invention is the polish liquid for metals 
containing (1) fluorine- containing compound and water. (2) The polish liquid for 
metals according to claim 1 whose fluorine-containing compound is at least one 
sort chosen from an organic fluorine compound, inorganic fluorine compounds, and 
those ammonium salt, (3) The above (1) which contains a metaled oxidizer further, 
or polish liquid for metals given in {2), (4) The above (1) which contains a . 
metal oxide resolvent further thru/or polish liquid for metals given in either of 
(3), (5) The above (1) which contains further the protective coat formation agent 
to a surface of metal thru/or polish liquid for metals given in either of. .(4)., 
(6) The above (1) which contains a water soluble polymer further thru/or polish" 
liquid for metals given in either of (5), (7) The above (3) whose metaled 
oxidizer is at least one sort chosen from a hydrogen peroxide, a nitric acid, a 
potassium periodate, a hypochlorous acid, and osone water thru/or polish liquid 
for metals given in either of (6), (8) The above (4) whose metal oxide resolvent 
is at least one sort chosen from an organic acid thru/or polish liquid for metals 
given in either of (7), (9) The above (5) whose protective coat formation agent 
is at least one sort chosen from a nitrogen-containing compound and its salt, the 
mercaptan, the glucose, and the cellulose thru/or polish liquid for metals given 
in either of (8), (10) A water soluble polymer Polyacrylic acid or its salt, 
polymethacrylic acid, or its salt. The above (6) which is at least one sort 
chosen from the group which consists of polyacrylamide , polyvinyl alcohol, and a 
polyvinyl pyrrolidone th.ru/or the polish liquid for metals given in either of 

(9) , (11) The above (6) using at least two or more sorts from which 500 or more 
weight average molecular weight differs [ the weight average molecular weight of 
a water soluble poTymer ] thru/or polish liquid for metals given in either of 

(10) , (12) Polish liquid for metals which contains an abrasive grain in the 
polish liquid for metals the above (1) thru/or given in either of (11) 1 or less 
% of the weight, (13) The above (1) whose metal membrane ground is the barrier 
layer of copper and a copper alloy thru/or the polish liquid for metals given in 
either of (12) , and the (14) above-mentioned barrier layer are the polish liquid 
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for metals given in the above (13) which is a tantalum, tantalxim nitride, a 
tantaliam alloy, and other tantalum alloys. Moreover, this invention is the polish 
approach which grinds the ground film by moving a turn table and a substrate 
relatively, where the substrate which has the ground film is pressed to abrasive 
cloth, supplying the above (1) thru/or the polish liquid for metals given in 
either of (14) on the abrasive cloth of (15) turn tables, 

[0015] 

[Embodiment of the Invention] The polish liquid for metals of this invention 
contains a fluorine-containing compound and water. As a fluorine-containing 
compound used by this invention, at least one sort chosen from an organic 
fluorine compound or inorganic fluorine compounds, and those ammonium salt is 
desirable, and at least one sort chosen from F-butanoic acid/ F-hexanoic acid, 
F-octanoic acid, F'-decanoic acid, F-dodecanoic acid, a trifluoro acrylic acid, 
pentafluoro benzoic acids, and those ammonium salt is desirable. The polish 
liquid for metals in this invention can contain a metaled oxidiser further. As an 
oxidizer used by this invention, at least one sort chosen from a hydrogen 
peroxide, a nitric acid, a potassium periodate, a hypochlorous acid, and ozone 
water is desirable. The polish liquid for metals in this invention can contain 
the protective coat formation agent to a surface of metal further. The protective 
coat formation agent used by this invention forms a protective coat in a surface 
of metal r and its at least one sort chosen from a nitrogen-containing compound 
and its salt, the mercaptan, the glucose, and the cellulose is desirable as a 
protective coat formation agent. The polish liquid for metals in this invention 
can contain a water soluble polymer further. As a water soluble polymer used by 
this invention, a kind is [ choose / out of polysaccharide, polycarboxylic acid, 
polycarboxylic acid ester its salt, and a vinyl system polymer 3 desirable in it 
being few. The polish liquid for metals in this invention can respond to ** 
further, and can contain at least one or more Jcinds of metal oxide resolvents and 
abrasive grains, such as an organic acid. A part of metal membrane is removable 
at least with the process which grinds the metal membrane which consists of a 
cascade screen containing at least one sort of metal . layers chosen from the oxide 
of copper, a copper alloy and copper, or a copper alloy using the polish liquid 
for metals of this invention. The polish approach of this invention can grind the 
ground film by moving a turn table and a substrate relatively, where the 
substrate which has the ground film is pressed to abrasive cloth, supplying the 
aforementioned polish liquid for metals on the abrasive cloth of a turn table. 

[0016] In this invention, the polish approach of the siibstrate using the polish 
liquid for metals and it which discover high polish of a tantalum and tantalum 
nitride can be offered by using a fluorine -containing compound. If pH of the 
polish liquid for metals in this invention is large exceeding 9, the CMP rate of 
a diacid-ized silicone film will become large. The addition of an acid can adjust 
pH. Moreover, addition of alkali components, such as ammonia, a sodium hydroxide, 
and a tetramethylammonium hydride, can also adjust, A metaled oxidizer, a water 
soluble polymer, and an abrasive grain may be added if needed. 

[0017] It is tonci&d and filled up with the metal membrane which contains copper 

and copper alloys (copper /chromium) on the base which has a crevice on a front 
face in this invention. If CMP of this base is carried out using the polish 
liquid for metals by this invention, CMP of the metal membrane of the heights of 
a base will be carried out alternatively, a metal membrane will be left behind to 
a crevice, and a desired conductor pattern will be obtained. With the polish 
liquid for metals of this invention, a solid-state abrasive grain does not need 
to be included substantially, and in order that CMP may progress by friction with 
a soft scouring pad mechanically far rather than a solid-state abrasive grain, a 
polish blemish is reduced dramatically. The polish liquid for metals of this 
invention uses a fluorine-containing compound and water as an indispensable 
component. A metaled oxidizer, a metal oxide resolvent, a protective coat 
formation agent, and a water soluble polymer can be included if needed. A 
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solid-state abrasive grain can also be used although it does not need to be 
contained substantially. 

[0018] The oxidizer of the metal of the polish liquid for metals in this invention 
has desirable concentration in it being 0.01 - 1.5 % of the weight, when it 
contains a water sol\ible polymer. In order to stick to a water soluble polymer on 
the tantalum compound or its oxide-film front face of a tantalum^ a tantalum 
alloy and tantalum nitride, or others, the oxidizer density range from which a 
high CMP rate is obtained becomes small. Moreover, since it is easy to stick on 
the front face of nitriding compound film, such as tantaluim nitride and titanium 
nitride, especially to a water soluble polymer, the CMP rate of nitriding 
compo-ond film, such as tantalum nitride and titanium nitride, becomes small. On 
the other hand, a water soluble polymer has the metaled surface protective coat 
formation effectiveness, and raises flattening properties^ such as dishing and 
erosion. 

[0019] As a fluorine-containing compound, what was chosen from the following 
groups is suitable, Trif luoroacetic acid, a trifluoro propionic acid, F^butanoic 
acid, F^hexanoic acid, F-octanoic acid, F^decanoic acid, F-dodecanoic acid, a 
trifluoro acrylic acid, A pentafluoro benzoic acid, a pentafluoro phenol, 
trif luoroacetic acid sodium^ A trif luoroacetic acid potassium, trif luoroacetic 
acid ammonium, trifluoro sodium propionate, A trifluoro propionlc-acid potassium, 
trifluoro propionic-acid ammonium, F~butanoic acid sodium, F-butanoic acid 
potassium, F-butanoic acid ammonium, F-hexanoic-acid sodium, F-hexanoic-acid 
potassium, F-hexanoic-acid ammonium, F-octanoic-acid sodiiom, F-octanoic-acid 
potassitxtn, F-octanoic-acid ammonium^ F-decanoic-acid sodium, F-decanoic-acid 
potassium, F-decanoic-acid ammonium, F-dodecanoic acid sodium, F-dodecanoic acid 
potassium, F-dodecanoic acid ammonium, trifluoro acrylic^acid sodium, A trifluoro 
acrylic-acid potassium, trifluoro acrylic-acid ammonium, Pentafluoro sodium 
benzoate, a pentafluoro benzoic-acid potassixjm, Pentafluoro ammonium benzoate, 
pentafluoro sodium phenolate. Organic fluorine compounds and those ammonium salt, 
such as a pentafluoro phenol potassium and pentafluoro phenol ammonium; A 
hydrofluoric acid, Fluorophosphoric acid, hydrogen hexaf luorosilicate , 
tetraf luoroboric , a hexaf luoro titemic acid, A sodium fluoride, a potassium 
fluoride, ammonium fluoride, ammonium hydrogendi fluoride, 2 potassiiam hydrogen 
fluorides, fluorophosphoric acid sodium, a fluorophosphoric acid potassium, 
Fluorophosphoric acid ammonium, sodium hexaf luorosilicate, a 
hydrogen-^hexaf luorosilicate potassium. Ammonium hexaf luorosilicate, 
tetraf luoroboric sodium. Inorganic fluorine compounds and those ammonium salt; 
such as a tetraf luoroboric potassiijm, tetraf luoroboric ammonium, hexaf luoro 
titanic-acid sodium, hexaf luoro potassium titanate, and hexaf luoro titanic-acid 
ammonium, are mentioned. However, since contamination according [ cases, such as 
a silicon substrate for semiconductor integrated circuits, ] to alkali metal, 
alkaline earth metal, a halogenide, etc. in the base to apply is not desirable, 
an acid or its ammonium salt is desirable. It is not the limitation when a 
substrate is a glass substrate etc, F-butanoic acid, F-hexanoic acid, F-octanoic 
acid, F-decanoic acid, F-dodecanoic acid, a trifluoro acrylic acid, and a 
pentafluoro benzoic acid are more desirable also in it. 

[0020] A metaled oxidizer may be added in the polish liquid for metals of this 
invention. As a metaled oxidizer, a hydrogen peroxide (H202) , a nitric acid, a 
potassium periodate, a hypochlorous acid, ozone water, etc. are mentioned, and 
especially a hydrogen peroxide is desirable also in it. When a substrate is a 
silicon substrate containing the component for integrated circuits, since the 
contamination by alkali metal, al3caline earth metal, a halogenide^ etc. is not 
desirable, its oxidizer which does not contain a nonvolatile substance is 
desirable. However, since time amount change of a presentation is sharp, as for 
ozone water, the hydrogen peroxide is most suitable. However, when the substrate 
for application is a glass substrate which does not contain a semiconductor 
device, even if it is an oxidizer containing a nonvolatile substance, it does not 
interfere , 

[0021] A metal oxide resolvent may be added in the polish liquid for metals of 
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this invention. The water-soluble thing of a metal oxide resolvent is desirable. 
The water solution is suitable although chosen out of the following groups, A 
formic acid, an acetic acid, a propionic acid, butanoic acid, a valeric acid, 
2-inethyl butanoic acid, n-hexanoic acid, 3 and S'-diinethyl butanoic acid, 2-ethyl 
butanoic acid, 4 -methyl pentanoic acid, n^oenanthic acid, 2-'methylhexane acid, 
n-octanoic acid, 2~ethylhexanoic acid, a benzoic acid, A glycolic acid, a 
salicylic acid, a glyceric acid, oxalic acid, a malonic acid, a succinic acid, A 
glutaric acid, an adipic acid, a pimelic acid, a maleic acid, a phthalic acid, a 
malic acid. Those mixture [, such as chromic acids such as a salt, a sulfuric 
acid a nitric acid, ajimonia, ammonium salt, for example, ammonium persulfate, an 
ammonixom nitrate, and an aitimonium chloride, ], such as ammoni-um salt of those 
organic acids, such as a tartaric acid and a citric acid, etc. is mentioned. In 
these, a formic acid, a malonic acid, a malic acid, a tartaric acid, and a citric 
acid are suitable to the cascade screen containing at least one sort of metal 
layers chosen from the oxide of copper, a copper alloy and copper, or a copper 
alloy. These are desirable at the point which balance with a protective coat 
formation agent tends to acquire. It is desirable at the point that an etch rate 
can be controlled effectively, maintaining a CMP rate practical about a malic 
acid, a tartaric acid, and especially a citric acid, 

[0022] A protective coat formation agent may be added in the polish liquid for 
metals of this invention. What was chosen from the following groups is suitable 
for a protective coat formation agent. Ammonia; Dimethyl amine, a t rime thy lamine , 
triethylamine, Alkylamine, such as propyl enediamine , and 
ethyl ene™diamine-tetraacetic acid (EDTA) , Amines, such as sodium 
die thyldithio carbamate and chitosan; A glycine, L-alanine, the beta-alanine, 
L^2~aminobutyric acid, L"-norvaline, L-valine, L-leucine, L-^norleucine, 
L-isoleucine, L-alloisoleucine, L-phenylalanine , L-proline, a sarcosine, 
L^ornithine, L^lysine, a tatirine, L-serine, L-threonine, L-allothreonine, 
L~homoserine, L-thyrosin, 3, a S-diiodo-L^thyrosin, A beta- (3, 4"dihydroxy 
phenyl ) -L-alanine , L- thyroxine , 4 -hydroxy^ L-prol ine , L-cys t ine , L^me thionine , 
L-ethionine, L-lanthionine , L~ cystathionine, L-cystine, L-cystine acid, 
L-asparatic. acid, L-glutamic acid, an S-- (carboxymethyl) -L-cystine , 4-aminobutyric 
acid, L-asparagine, L-glutamine, azaserine, L-arginine, L-canavanine, 
L-citrulline, a del ta-hydroxy-L^ lysine, A creatine, L~kynurenine, L-histidine, a 

1- methyl-L-histidine, A 3-methyl-L-histidine, ergo thi one ine, L-tryptophan, Amino 
acid, such as actinomycin C 1, apamin. Angiotensin X, Angiotensin IX, and 
antipain; A dithizone, Cuproin (2 and 2 ' -biquinoline) , neocuproin (2, the 
9-dimethyl -1, 10-phenanthroline) , Imines, such as bathocuproine (2, the 
9-dimethyl -4, 7-diphenyl -1, 10~phenanthroline) and KYUPERAZON 
{bis-cyclohexanone oxalyl hydrazone) ; A benzimidazole'"2"thiol , 

2- [2- (benzothiazolyl) ] thio propionic acid, a 2- [2- (benzothiazolyl ) thio butyl 
acid, 2-iaercaptobenzothiazole, 1 and 2, 3-triazole, 1 and 2, 4-triazole, 

3- ainino-XH"' 1, 2, 4"tria2:ole, and benzotriazol — 1 -hydroxy benzotriazol , 
1-dihydroxy propyl benzotriazol, 2, 3-dicarboxy propyl benzotriazol, 4-hydroxy 
benzotriazol , 4^carboxyl-lH-^benzotriazol , 4 -methoxycarbonyl-lH "-benzotriazol , 

4- butoxycarbonyl-lH-benzotriazol, 4^octyloxy carbonyl-lH-benzotriazol, 5-hexyl 
benzotriazol, W-(l, 2, 3-ben20tria2oryl*-l*-methyI) -N -{1, 2^ 

4-triazoryl-l-methyl) - 2-ethylhexylamine, Azoles, such as tolyl triazole, naphth 
triazole, and bis [ (l-benzotriasoryl ) methyl] phosphonic acid; A nonyl mercaptan, 
Saccharides, such as mercaptans [, such as dodecyl mercaptan, a triazine thiol, 
triazine dithiol, and triazine trithiol ]; and a glucose, and a cellulose, are 
mentioned. It is desirable when chitosan, e thylene- diamine- tetraace tic acid, 
L-^ tryptophan, KYUPERAZON, triazine dithiol, benzotriazol, 4-hydroxy benzotriazol, 
4-™carboxyl benzotriazol butylester, tolyl triazole, and naphth triazole are 
compatible in a high CMP rate and a low etch rate also in it, 

[0023]A water soluble polymer may be added in the polish liquid for metals of 
this invention. As a water soluble polymer, what was chosen from the following 

groups is suitable. Amino acid salts, such as polysaccharide; glycine ammonium 
salt, such as an alginic acid, a pec tic acid, a carboxymethyl cellulose, an agar, 
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curdlan, and a pullulan, and glycine sodium salt; The Fori aspartic acid, 
Polyglutamic acid, the poly lysine, the Pori malic acid, polymethacrylic acid, 
Polymethacrylic acid ammonium salt, polymethacrylic acid sodiuin salt, A polyaiaide 
acid, a polymer lane acid, the Pori itaconic acid, the Pori fumaric acid, Pori 
(P'-styrene carboxylic acid) , Polyacrylic acid, polyacrylic acid ainitionxiiKi saltr a 
sodium polyacrylate salt, Polyacrylamide, amino polyacrylamide/ a polyamide acid, 
polyamide acid ammonium salt, Polycarboxylic acid and its salts, such as 
polyamide acid sodiuBi salt and the Pori glyoxylic acid,- vinyl system polymers, 
such as polyvinyl alcohol, a polyvinyl pyrrolidone, and the poly acrolein, etc, 
are mentioned. However, since contamination according [ cases, such as a silicon 
substrate for semiconductor integrated circuits, ] to alkali metal, alkaline 
earth metal, a halogenide, etc. does not have the desirable substrate to apply, 
an acid or its ammonium salt is desirable. It is not the limitation when a 
substrate is a glass substrate etc, A pectic acid, an agar, the Pori malic acid, 
polymethacrylic acid, polyacrylic acid, polyacrylic acid ammonium salt, 
polymethacrylic acid ammonium salt, polyacrylamide, polyvinyl alcohol and 
polyvinyl pyrrol idones, those ester, and those ammonium salt are desirable also 
in it". ... 
[0024 J An abrasive grain may be added in the polish liquid £or metals of this 
invention. As an abrasive grain, although any of organic substance abrasive 
grains, such as inorganic si±)stance abrasive grains, such as a silica, an 
alumina, Seria, a titahia, a zirconia, a gel maniac, and silicon carbide, 
polystyrene, the poly acrylic, and a polyvinyl chloride, are sufficient, the 
distributed stability in the inside of polish liquid is good, and colloidal 
silica or a colloidal alumina lOOnm or less has desirable mean particle diameter 
with few occurrences of the polish blemish (scratch) generated by CMP. 2 0nm or 
less of a mean diameter to which the polish rate of a barrier layer becomes 
larger, and the polish rate of diacid-ized silicon becomes smaller is more 
desirable. The manufacture approach according [ colloidal silica ] to hydrolysis 
of a silicon alkoxide or the ion exchange of a specific silicate is "learned, and 
the manufacture approach according [ a colloidal alumina ] to hydrolysis of an 
aluminium nitrate is learned. 

[0025] It is the cascade screen which contains at least one sort chosen from the 
oxide (henceforth a copper alloy) of copper, a copper alloy and copper, or a 
copper alloy as a metal membrane which applies this invention. 

[0026] It is desirable to be referred to as 0,00001-0.005 mols to the AUW of lOOg 
of the polish liquid for metals, as for the loadings of the fluorine-containing 
compound component in this invention, it is more desirable to be referred to as 
0.00005-0.0025 mols, and especially its thing set to 0.0005-0,0015 mols is 
desirable. When these loadings exceed 0.005 mols, there is an inclination for CMP 
rate control of an insulator layer to become difficult. 

[0027] A metaled oxidizer can also be added in this invention. It is desirable to 
be referred to as 0.003-0,7 mols to the AUW of lOOg of the polish liquid for 
metals, as for the loadings of an oxidizer component, it is more desirable to be 
referred to as 0.03-0.5 mols, and especially its thing set to 0.2-0*3 mols is 
desirable. When less than 0.003 mols of metaled oxidation are [ these loadings ] 
insufficient, and a CMP rate is low and exceeds 0.7 mols, the inclination which a 
dry area produces is in a polished surface. 

[0028JA metal oxide resolvent can also be added in this invention. It is 
desirable to be referred to as 0-0.005 mols to the AUW of 10 Og of the polish 
liquid for metals, as for the loadings of the metal oxide resolvent component in 
this invention, it is more desirable to be referred to as 0.00005-0.0025 mols, 
and especially its thing set to 0.0005-0.0015 mols is desirable. When these 
loadings exceed 0.005 mols, there is an inclination for control of etching to 
become difficult. 

[0029]A protective coat formation agent can also be added in this invention. As 
for the loadings of a protective coat formation agent, it is more desirable that 
being referred to as 0.0001-0.05 mols to the AUW of lOOg of the polish liquid for 
metals sets to 0.0003-0.005 mols preferably, and especially its thing set to 
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0,0005-0.0035 mols is desirable. When there is an inclination it to become 
difficult in less than 0,0001 mols to control [ of etching ] these loadings and 
it exceeds 0,05 mols^ there is an inclination for a CMP rate to become low, 

[0030] A water soluble polymer can also be added in this invention. The loadings 
of a water soluble polymer have especially the desirable thing that it considers 
more preferably as 0,01 - 0,08 % of the weight that considering as 0,001 - 0 , 3 % 
of the weight to the AUW of lOOg of the polish liquid for metals considers as 
0,003 - 0,1 % of the weight preferably* There is an inclination for a coinbined 
effect with a protective coat formation agent not to show up t these loadings ] 
in etching control at less than 0,001 % of the weight, and when it exceeds 0,3 % 
of the weight, there is an inclination for a CMP rate to fall. As for the weight 
average molecular weight of a water soliible polymer, carrying out to 500 or more 
is desirable, and especially the thing that carrying out to 1500 or more does to 
5000 or more more preferably is desirable. Although especially the upper limit of 
weight average molecular weight is not specified, it is 5 million or less from a 
soluble viewpoint. It is in the inclination which a CMP rate with weight average 
molecular weight high at less than 500 does not discover* It is desirable that 
the weight average molecular weight of a water soluble polymer uses at least two 
or more sorts from which 500 or more weight average molecular weight differs in 
this invention. It may be a water soluble polymer of the same kind, or you may be 
a water soluble polymer of a different kind. 

[0031] An abrasive grain can also be added in this invention. As for the loadings 
of an abrasive grain, it is desirable to consider as 0,01 - 10 % of the weight to 

the AUW of lOOg of the polish liquid for metals, and it is more desirable to 
consider as 0,05 - 5 % of the weight. Especially the thing to consider as 0,05 - 
1 % of the weight is desirable. If there is no effectiveness that these loadings 
contain an abrasive grain at less than 0.01 % of the weight and it exceeds .10 % 
of the weight, the polish rate by CMP is saturated, and an increment will not be 
seen even if it adds more than it. 

[0032]The polish approach of this invention is the polish approach which grinds 
the ground film by moving a turn table and a substrate relatively^ where the 
substrate which has the groimd film is pressed to abrasive cloth, supplying the 
aforementioned polish liquid for metals on the abrasive cloth of a turn table. 
The common polish equipment which has a holder holding a semi-conductor substrate 
and the surface plate (the motor which can change a rotational frequency is 
attached) which stuck abrasive cloth (pad) as equipment to grind can be used* As 
abrasive cloth, a common nonwoven fabric, foaming polyurethane, a porosity 
fluororesin, etc, can be used, and there is especially no limit. Although there 
is no limit in polish conditions, the rotational^ speed of a surface plate has- 
desirable low rotation of 200 or less rpm so that a substrate may not jump out. 
It is desirable tiiat the forcing pressure to the abrasive cloth of the 
semi-conductor substrate which has the ground film is 9.8--98KPa (XOO - 1000 
gf/cm2), and in order to satisfy the homogeneity within a wafer side of a CMP 
rate, and the surface smoothness of a pattern, it is more desirable that it is 
9.8-49KPa- {100 - 500 gf/cm2) . While grinding, the polish liquid for metals is 
continuously supplied to abrasive cloth with a pump etc. Although there is no 
limit in this amount of supply, it is desiraJDle that the front face of abrasive 
cloth is always covered with polish liquid, the semi-conductor substrate after 
polish termination -- a stream -- it is desirable to make it dry, after 
discarding the waterdrop which adhered on the semi-conductor substrate after 
washing in inside using spin-dry etc. well, 
[0033] 

[Example] Hereafter , an example explains this invention concretely. This invention 
is not limited by these examples. 

(Production of the polish liquid for metals) What added the water 100 weight 
section to the f luorine-containing compound or acid 0.4 weight section, and was 

dissolved in it was used as the polish liquid for metals. Moreover, when adding 
hydrogen peroxide solution, some water is replaced and blended with hydrogen 



^ 10 - 



JP 2001-144044 A 



peroxide solution {a special grade chemical, 30-% of the weight water solution), 
and desired concentration was obtained. Moreover, when the 0.05 weight section 
(the amount of solid content) was added when the BTAO , 2 weight section (the 
amount of solid content) is added in the form of the 1 % of the weight water 
solution of BTAis) when benzotriazol (BTA) is added, and a water soluble polymer 
is added, and an abrasive grain was added, the 1.0 weight section was added. Also 
when BTA, a water soluble polymer, and an abrasive grain were added, the weight 
section of the water first added so that the AIM of the polish liquid for metals 
may serve as the 103.4 weight sections was adjusted. pH of each polish liquid is 
finely tuned with an acid or ammonia, and it was made for a gap to also become 
within the limits of 3.0*'*'0.05. 

[0034] In examples 1-4 and the examples 1-2 of a comparison, CMP was carried out 
on the following polish conditions using the above-mentioned polish liquid for 
metals of the presentation described in Table 1. 

(Polish conditions) 

Base: Silicon substrate scouring pad in which the copper film with a silicon 
substrate thickness [ in which the diacid-ized silicone film with a silicon 
substrate thickness / in which the tantalum nitride film with a silicon substrate 
thickness / in which the tantalum film with a thickness of 200nin was formed / of 
lOOnm was formed / of 1 micrometer was formed ] of 1 micrometer was formed : 
(ICXOOO {Rodel, Inc. make)) 

Foaming polyurethane-^resin polishing-pressure force with a closed cell: 24,5KPa 
(250 gf/cm2) 

Relative velocity of a substrate and a turn table; 18 m/min (evaluation of a 
polish article) 

CMP rate: The thickness difference in the CMP order of a copper film was 
converted and calculated fi'om the electric resistance value. 

Etch rate: The copper layer thickness difference before and behind the immersion 
to the stirred polish liquid for metals (a room temperature^ 25 degrees C, 
stirring lOOrpm) was converted and calculated from the electric resistance value. 

The amount of dishing : A slot with a depth of 0.5 micrometers is formed into 
diacid-ized silicon. The tantalum nitride film with a thickness of SOnm is formed 
as a barrier layer by the well-known spatter. Two-step polish is performed using 
the silicon substrate which formed the copper film by the spatter similarly and 
was embedded by well--known heat treatment. The amount of film decreases of the 
wiring metal section to the insulator layer section was calculated from the shape 
of surface type of the stripe-like pattern section with which 100 micrometers of 
wiring metal **** and 100 micrometers of insulator layer **** were located in a 
line by turns with the sensing-pin type level difference plan. As 1st step polish 
liquid for copper, the polish velocity ratio of the copper to tantalum nitride 
ground using sufficiently large copper or the polish liquid for copper alloys. 
Two steps were ground until it produced the substrate sample so that the amount 
of dishing measured after the barrier layer had been exposed on the insulator 
layer section might be set to 50nm, and the barrier layer was lost in the 
insulator layer section after the 1st step polish. 

The amount of SHININGU: The shape of surface type of the stripe-like pattern 
section of total width-of-face width of face of 2.5mm with which 4,5 micrometers 
of wiring metal **** formed in the above --mentioned substrate for the amount 
evaluation of dishing and 0.5 micrometers of insulator layer **** were located in 
a line by turns was measured with the sensing-pin type level difference meter, 
and the amount of film decreases of the insulator layer section near a pattern 
center to the insulator layer field section of the stripe-like pattern 
circumference was calculated. 

Two steps were ground until it produced the substrate sample so that the amount 
of SHININGU measured after the barrier layer had been exposed on the insulator 
layer section might be set to 20mn, and the barrier layer was lost in the 
insulator layer section after the 1st step polish. The polish rate and polish 
velocity ratio by CMP of examples 1-4 and the examples 1-2 of a comparison were 
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shown in Table 1. Moreover, the amount of dishing and the amount of SHININGU were 
shown in Table 2 . 
[00353 
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[Table 2] 
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[0037] If the oxalic acid which is not a f luorine'-containing compound is used as 
shown in the example 1 of a comparison, compared with an example 4, a copper CMP 
rate (polish rate} will become high, and the polish velocity ratio of a barrier 
layer / copper will become low. Moreover, although a copper CMP rate (polish 
rate) will not change compared with examples 2 and 4 if the hydrogen pieroxide 
which is an oxidizer as shown in the example 2 of a comparison is made nothing 
and gamma-alumina is used as an abrasive grain, but the polish velocity ratio of 
a barrier layer / copper becomes high, the amount of dishing is large, and since 
the polish rate of an insulator layer Si02 is high, the amount of SHININGU also 
becomes large. In spite of not including an abrasive grain if a 

fluorine- containing compound is used as shown in examples 1-4 to these, the CMP 
rate of a barrieir layer can be made high and the polish rate and the amount of 
SHININGU of an insulator layer can discover a small polish property. And by 
increasing the amount of BTA{s) , since reduction of a copper CMP rate is 
possible, the amount of dishing can also be reduced and high flattening can be 
carried out, 
[0038] 

[Effect of the Invention] By including a f luorine-containing compound, the polish 
liquid for metals of this invention can discover a high CMP rate, and can form a 
reliable embedding pattern. 



(A) <ll)»3rffl«4i9l«# 

#112001-144044 
{P2001-144044A) 
(43)4iBI B ¥m3^ 5 ^255 (2001. 5. 26) 



(51)Inta/ 
HO 1 L 21/304 

B 2 4 B 37/00 
C 2 3 F 1/18 
1/26 



6 2 2 



F I 

HO IL 



21/304 



6 22C 3C058 
622D 4K057 
H 5F0 3 3 
5 F 0 4 3 



B2 4B 37/00 
C 2 3 F 1/18 
1/26 

msm^ *8ft« 8s««cDfti5 Oh 9 M) mm\zm< 





wmw-n-miTsa 




000004455 












11 0(1999.11.11) 


























































(74)««!A 


100071559 
















imM\zm< 



C54) m^oi^m: ^mmmstRXPtn^m^^-^itmrn:^^ 



C57) [mmi 



1 

[ 4 ] g?{ t^si§fi?^j* s b ^c^t^m^m i ^j: 
mmmmm, 

m>m 1 2 ] it*3a i j^ci^' bm^m 1 1 ©tirn*^ 



C2) #^200 1 -1 44044 

2 

[0 0 0 1] 
[0 00 2) 

[S£*a?jg&iij] -m-wmmm (j(i(TLs i its 

S£t>-ec!>— o-C«>0. L S I Mill®, #(C^ig|Bi^JB 
5. C0iSrj«, Mx.t**ll#f¥M4 9 4 4 8 3 6#{C 

c 0 0 0 3 } *fc. ©3fi»Ls I ^immt-t^^c^ 

fi^ ^ C M P K cfc «3 ii^* L- T a*3Z>^13^ * fM-r S , 

tt, m«#i!!¥2 - 2 7 8 8 2 2-^5i;?R{CPig^$m: 

[0 0 0 4 ] ^M©C.MPCD-|Sfi^^c::^ffi», n0©w 
izf^T» ±{CWSg/<-y K^SrPAOm^. 

[0 00 5] cMpi,cmi^(bti?>^mmmmm!<t. ~m 
mc^-:>xmK)m.hmm:^mrj:^t}:::-XM.tm^hti 

• ibi7 hn'ir 5:^7;UV-t)-X'r ^it. (Journal of 

ElectrochemlcalSociety) ®ll 1 3 8^1 m (19 
9 1 ©3 4 8 0-^3 4 6 4Mfcli7T^$n"CI,i 

im^icj: •oxnmmbnfc^mmitm(>>w.^mmmic 
mm^'&xL^'>t mmmic <* s bu o k «? (onrnm^ 
50 •rft:!!i)-c*2>ti^JKx'*s. fML, m^o>^m^m<o 



3 

mitm i>t^m (otx v^i^iftm-t) s ifix^mmm 

i^^m < -^JBS nc M P «: <£ Sff^as**:;*:^ i» c i 364 

MtVi^K 10 

^wm\^x^\^m:^a:>m^^mx^c t(,c^^ . cmp 

[000 8] hip{^f£i}ih. m^<mwsm^^t:f^m 

«^{c», ( 1 ) m^Thttitc±mmm<Dm&^Mm 

> if tut) <om.. ( 2 ) mmm.ic^m-^mm^ 20 

{x^'yy^y > ( 3 ) mmtmmwmmcmm 

-5 c i > ( 4 ) mwmn'?:<Dt><o<DWM'i^mMmicm 

t 0 0 0 9 } 7* ^ > i^-^W^ct3(D«^^<:r)^:i:^fC|l 
^«^lfl¥ 8-8 3 7 80 -^^Jj^iCigigS nri^i ^. 30 

^r.mitt^ v=j>m<Dmmmm.'b:K^ K^m-^nat. mm 
opH^pKa-0. 5^K)'h:k^<-r^:f3'mmm^ 

nrii^,. C(^K'#«> «^^«#|*^2 8 1 9 1 9 8# 

(0 0 1 1 } — K^<Da5i^t,^«iRi^^fe3r©TJiJc 
)ira*Si^*-^o>SH&tfess±<D/cit»«:/>' u rat L- 



!^^2 0 0 1 - 1 44044 
4 

+^5-!^^CMP3i'K355#6ni^cl^Ji^j{)5^l^o -ecT. ^ 

[0012] mmmm-^^^m^tmiJimt. 
pH. m%iLmf'mimm<Dm:mi^r>\.^x. ■a^wo^tt. 

<. ^■®ri-^^>y;5!SoJtfe)fe{b^^{i. ^7 7^{b^ 

> 5f ^I'^'M^t > -fl/© lis t,i C M P WEgjigttt* 

C(DWmt. mUt^'^^ 10-67986-^4i 
[0 0 13] 

i.^xcupicj:'o^-RVfy^^'^mm'^m^. ^pn 
< i^e^To? (1)^(6) tc«§ifsiigjii*s^L-ru 

I^Sfe. (3) CMP^©'?x/%^H{CWg5gl4*s^|!t^ 

®-r^Cc!:(cfi5}Jt-^8fe^-7-p-te;^iifili, (4) SgfiiCD 

P tGffil ^ mm^vfO a ^ h ( 5 ) W^^rUm^^-C© 

«^iitM^it«n», wmm^w ^ " Art© 

Mgffijiismfli. m»®?i^i£:>Si-ri>. (6) y-y-^ 

^T^?iJ^<WlRS«i *^tfWEiS!JiC J; -> r C M P ^tf 

t,ip>n'&a?>^fji/^^r>^f ;i/^#at>'^{t ^ > ^? jb-^-e 



5 

[00 14] 

lS{b^:!5:!>'7K^#*-r^^EfflW^^t?*S. (2) 

i> 1 ar* sfs*:« 1 icmi^o^mmmmm. ( a ) # 

;S©^<fcm^3 6JC^tf±i2 ( 1 ) Si^ct* (2) (clHig 

(D^mmmm.. ( 4 ) ®i fc#M^ft?ssj* s ^ tc^t? ± 
IB ( 1 ) (3 ) ®i/>-rnj&>{ciatg<D#jifflif^ 

< 5 ) ^^^w(c*tf ?>^mim^^ ? 6 {c^tf 20 
±ia (1) fii^b (4) ©i>rn:«):'fcfamcD#isfflw^ 
?t> ( 6 ) Aimmm^^^ $ 'E.tc^tfiiB ( 1 ) o 
< 5 ) <Dt,^rfiMc^n<D^mmmmm. ( ? ) ^<d 
mmm. Mm<mm. mm. MBommt/'j^A. -.x 

&±i5 (3) tjii^L (6) (D^^-fm^icmmo^^m^ 

^t< ife 1 ®t?AS±ia (4) !^cl»b (7 ) m^-fM^ 

Ci-'i;Ktr^hmttltc'Jftj:< ifc iar*>5±tB (5) 
t,>U ( 8 ) ©li-rnj5>(ClBtg<J?^Sfflif^-^, (10) 

^ $f y L < ji<UTi";;L'r5 h\ 

(9) <DC>TnAifcia«5©^)lfflfF®?g. ( 1 1 ) 7K?g 

ft*ssnc§^fj:< i4>2at(±^ffli,i5±ia (6) nct,^ 

U ( 1 0 ) ©t.>m75itCiBiS(D^JlMiF®?^, (12) 40 
±fB (I) tj:l-^U (I I) ©l^f ti3ip(Ciaa©^Mfflff 
llf?g{C5gte^ 1 Sa%OT^tf^MfflW^M. (13) 

la ( 1 ) ( 12 ) (Di,>rti-f)Ham<B^mmmm 

(13) iCl2tg(D^SffiffiF?g-C*^, $?c. ;^s:|6BJ 
W. (15) W^^M©W^±{C±ia ( 1 ) m^b 



i|tgB2 0 0 1 -1 44 044 
6 

[0015] 

■ it-^mt bxu. mm-y -mit'^'^h b < immv v m 
~*f^>m. F-rtiym, F-y^i'tjym. h'jy 

bxu. m.mit7Hm. mm. M'^'ymmtiV'yA. -.xm 
i^mmRu^vi-yktfthmimtc'pu < i i mmi-t 

^(Dx. mmmBmitbxit. ^mit-^jSL^^<o 
ti^c'pu <th\ mm'f^ bu. i^mm^-^vs-i,^^^ 
i?~mnxm.m-him'&£^^^tbxkx. ^^m. 

^-mi^€^-^thctifix^h. n^mm^^mrnm&i 
m^mmthiimk.^'^x'pfi.< tk>^mm(n)-^^'^. 

«**s>iftKifc!iifi*it- c i tc J: o T*sw^M* w^-r s c 

[0 0 16] •;'#{b^^^?*fflti-g> C i CC 

vmm(Dmmmic^<omm-t?>ctibix^i>, 
[0017] ^%i^tc*it,»T{s. ^Mciaas4wr^» 

C^-C CM PT IS#©cllSl5tD3feJ3lil5&Sjllf?««:CM 
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p s n-c. mmc^mm^m^ nxmmomi^^-^ a? ~ > 

L/ . 9= V 5^ > i''-^' X n - *:> a >^<DJP;S 20 

[0019]^:? ymit-^^i: bxit. iUT<Dm^^f^m 
y y }V:t n 7"p e^r >^-:?- \- v^y a, f ;i':t p :7"p 

Iz'tl^m:^ 'J 0 J^. h y7Jl':tn7'Pb':t>g?T>^" 30 

•i'A, F~Kffi^:^^-'J•i?A, F-mm^^'j^j-. F-m 

•y->^:^'j'i;A, F — >+1^>Kr>'^:^'>A, F-5|- 
fi'l^mthV't'^. F *>^:^^y "i? A, F-:t 
4'5f>®!T>*^';:?A. F -•5=:*?>^'^- h y C'A, F- 
7^:^7>i?* y^A. F -^;^>^T>-*-'i' A, F-F 
•r;*7>^:M-y'?A, F - Kf'^>i?:^7 y ■? A. F-F 

7'*>^r>*^'?A. h y7;us(-PT5'y;t'^:f-F y 

>;:7A, h y:7^i':tPri'y;i'ig*y't'A. hy:?;L'3hP 

Ti? ';;l/^T>'*::^'? A. ■^>^^■7Jl'3^P^,g,#S|•t• b 40 

5j-p^.a#^T>^^'i'A, •^>^?:7;l'3ra:7xy-;V 
:^hy'i?A, -^>^^7Jl'3^P7 * y";l/;^7 y >i?A, 

^RC;-e-ne.®T>*^'>Aii[ ; 7 yfbTK^^. ^Jb:^ 
Pi^®, '^=^^-9-7;U5hPii®, -5^ h^:7;^5^Pl!I®^, 

•:5a, 7 i-^br^^^-^A, —y-Mt7kmr>^=-t> 

A. H'? -y-fbTkm* y -^A, 7;l':tP5^M'^- F y -JA. 

■7;i/3hPj^^*y-?A. 7;i':*-p«lf^T>*:i'?A, --v so 
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'^■^v}V:tvmu-r v y'j'A, ■N^^tl-7;^3^pg|^>!7V 

'J'A. •-s'f^-9-7Jl':tP:S^T>-=&^'?A. 7-V'yy}\'t 
PM:^Fy'>A, 7" h7:7Jl/:tPil®;^7y 'i'A, 7" h 
^■7;l':i-Pi!^T>^^'iJA, •^«!^1?-'7;t/^pg^af>^ 
•^-hy'i'A, •^+-f'-7;i'5t-a?-5r>i§;^;'; 'i'A, -^^^^U- 
■7;p:ta?-^?>^r>-=&:i>i'A^(7>^m7 vmit-^'BL 

;i':^y^ffli. r)\^t)^)±m.^m. ^^a^-'>^b»tCJ;^ 

F-ftj-ym. F-'\'f±}->m. V'}y 

[0020] *#6W<7)3fe)lffl9F^MtCW. ^JSOSJ^bSiJ 

$ Li^ mma^mmmmm^'^-^tjiy y 3 >mmx»> 

mt*^W!.bi^(Dx'^m<tyiim^mh&i'Xi,^^, {10. 

[0 02 1 ] 3f:|gB^(©^JS71W0?KiCW. ^ffc^JS^frl 
ASMS Ul^. JiiT©$¥3ii>6M«n?cfeCD©7j<J§jg;i5^b 

x{,^?>, mm. yat:t>ig« isk. 2 

Bt. i^y-i2y>^, i^^^ym. ^ti>m. 
)Vit}vm.. Ti>fcf>®. fcfjfy>^, -7L'^'>M> 

^i/®?, y>=rm, i'x>^, :5tc^^n6c^>w 
«i®®T>^^'>A«s-^©^, mm. ^m. r>*-^ 

r. T^^^-^Afe^S, i?iJ^tfjl«^T>*r.'^A, ?s 
^T>-t-:^'^A, it-fbr^^x-i/A^, i^PAS^^Xtt 

■7p>K, y>=fit. ?Bs^. ^x.>m*^m. m-^^R 
±mm^^t^mmm!>cMi^xitmxib^. ctifbimm 

y>=f®, m^M. i'x>itK-P!,^Ti±^^mCMP 

[0 02 2 ] ^mo^mwm'mm. ^mmmmm 
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ummmimm. «T<Dm^6is« 

©(EDTA). iyx.^)Vi?^tifJ)V^'<^>mi^h^J'y 

-^J^-^. L-^VZy. L~M-^^>. L 

3, 5~tyB- y^-L-^aZyy^ 0- (3, 4-"t>b 
-L"-r5-r.>, L-^ai^^y>. 

» . ^•^:ti?:7'nH^> (2. 9 -i;?-^^;!/- 1 . 10- 

;l/b K-^y^) l^co^ 5 > ; -OX^' = ^^^^^-;V~2 - 
^t-Jl, 2- [2- {-<>V^T'/V)V) ] 5f^:t'7'P 

^'t>m. 2- [2- (-<>y"^ry"';;L.) ^:i"y>;^ 
m. 2-^;b:^:/h--<>y^Ty'-;u, K 2. 3-h 
vrv-}V. 1. 2. 4- h vry^-^i/. s-r^y- 
iH~i, 2. 4- h y ry-yi', h UTV- 

+^'y'nb;i/^>y h yry--;!/. 2. 3 -s^^^j^u^i^ 
Sy:7'a b;L/'-<>y^^ VrV—}l. 4 - b FP + i^-^^y 

(1, 2, 3 --oy^F yrv^y;!/- 1 

" (I. 2. 4 - h VrV'JJV- I - ~2-x 
5 F- h y Ty-;b. ::^y h h y 
TV-;i. b:^ [ ( 1 "-<>y h yyji.) 
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yy'h:7r>. h yrt;?>s^^;t-;i/. 

^^yhyry-Ji^. 4'-b Fp^^^'-^^y^h yry*-- 
-^t'. 4~-i:j)i'A<^iy)\^^>W ^}r'/-)V:f^)hs.::^7^ 
f y;uF yry-zk t^r? h h y Ty-;i'*3j^i.>c 

10 l\ 

[0 02 3 3 *^B^(D^JlfflW^MtC{S, ^k^ttiS?^^' 

(>V;^^>^co^liia ; i^y5y>T>^:^»>AMSD^^ 
y5-'>:^ h y^Am^OT^yiS*; ^Kyrx^'N-^+'y 

jj<y ^'^i-^f ^>K. j:i<yys/>. 5i<yy>rf^. 5j< 
yy^^^^y^i^^. ?J<yy i?^y;bKr>^^^At^. jj< 

yy iri?y;b^:Fh i;r^A«. *-yT5FM. jfjyvi. 

20 >r>®. 5i^y ^i?:3>gf, *:y:7v;i.^, sKy (p-x 

^u>?^?;^?j^>^) . Ji<y T:^' y;^M. . jKyr^^^yji/ 

'})'^r% F. r 5 ysfjyr y;i/T5 f. jf^yr ^ 

Fm. ^J<yT^ FMT>'t::^'?Ai&, ?J<yr^FK:^h 

y A^sr/^i^ y ;/ y t^iyji^mmon'^v ji'mywisi,, 

U'toM. ; TKy b::-;l'T;l/3^;l/, ;J< y b-:::^;bb"P y F 
>SC3^JJ< y T a ^ >^CDbr.;l/JS5i< y 6 

it. TKyy>d'lg. ?j<y y i^i? y;i/^. ?j<yTi7 
yji^^. 'i<y 7^ y.'i'®T>'^:::.»i?AJ^, Jt^yy^f^^y 

;l'l!T>^:=^^Aig. ?i<yT^y;l/T5 F. #yb.:t;u 
r;i'::3-;vRyf;j<y bj:.;i/bP y F>. -^n^cDx:?^r 

^figa, d<yxf^u>. d^yr^j'y^i/. 4<ys{t:br.;i. 

^) 0m^WLOi>f^\>. ^MMm I 0 0 n ml^TcDP 
p ^ ^jbi^ y ;^ * fc{*pp 5r;i/r ^1/ 5 -ttrnt. 

mfb$^ y P >OW^jiJS:i&s J: 0 /h§ < ^CS 2 0 n mJ^T 

;0^'J:^|rfS ti^ pp-Y^;i.t^y :^tts^y p ^T^t-p^ 

i^Y<oni7\^^m^icmm.i^v y •^aoh^^^-^^sj^^cj: 



C7D 

[002 6 ] :^mmi'Ci6\,i ymit-^mjiiif^om^ 
mM. ±mmmmm<Dm.mm loog^Muro. oo 

001-0. 0 0 5mo 1 it-SC:<J:*«S?*U< . 0. 
00005-0. 0 0 2bmo I fri>CtifiJ:^!fft 

b<, 0. 00 05-0. 0 0 1 5mo I if ■5CiJ5i^ 10 

^imt. bi^K c©sa^sd3o . 0 0 5 m 0 1 =em^ 
[002 7 ] *i^?^r a^McDig{bSt|;^^jn-r -2. c i 4^ 

100 eicltibX, 0. 0 03-0. Tmolt-T'SC: 
i3&iSJ|;o<, 0. 0 3-0. 5mo I fr-SCiJ&SJ: 
KiWtbi. 0. 2-0. 3mo 1 i'ri>Ci:^Si^{a¥ 
^l/l^ C©S2-&tt*^ 0. 0 0 3 m 0 1 ^ 
llO^ffc-0^*^+^T'CMP3ajg[7iMa< . 0 . 7 ai o 1 % 

[0 0 2 8 ] ^mnvimib^mmmm^-mtar^c i 
it. ^mmmm<omm.& 1 0 0. g K^tur 0-0.0 

0 5 nao I if^C i*W3;0< . 0. 00 005 — 
0. 00 2 5mo i if SCtAiJ;f)^fS t < , 0. 0 
0 0 5-0. 0 0 1 5mo 1 i-rSCi*5^«:|!f^L' 
t\ CCD|3-iiJI*^0 . 0 0 5m 0 1 «:ffi^Si, 

t 0 0 2 9 ] *^BJr»«li)Ii?fJ^S'J^?a»]-r S C i ^ 

■ess- 5, umm^s&mmz-^Ait. ^mmm^^momm. 30 

ffil 00 g-fCSsrorO. 0001-0. 05mo!if 

^Cii}mt\y< 0. 0 003-0. OOSmolif 
^Cti}i^<O0^V<. 0. 0005-0. 0035m 

oiir^ct*mi<mtLi\ coie^Sj!>5o. 00 

0. 0 5mo I Jfcja^^xtCMPsie^SiK 

C 0 0 3 0 ] *^Bj-ctt7K'^§ttiS^i=-%535?ll-r.g. C i 4> 

SI 00 gKS:*tr0. 00 1-0. Smfi^ifSC 40 
i*^SfSG< 0. 0 0 3-0. 1 SS^if'SCiASJ: 
'3»*L/<0. 0 1-0. 0 8SS%i-rSCi*i#(C 

rj:\,mmimo. 3«*%4ja^^,icMPjiSAi® 

S(S5 0 0W±i-r2>Ci!&sjrT*U< , ISOOJSUbi 

fSCidsJctpWS L/< 5 00 O^JiiiifSC i:^)S#^C 

itttl,^^}^ M«SttOSl5&>'D5 0 0FJiiT-C4)-£>, Sft 50 
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T-fi*5 5 0 0 «±©Sffi¥i^:^^S;&5M!fe l>^i^i: < i 

[0 03 1 ] ^^mvimmimMt?>cthT^^„ 
mKom^mit. ^mmmimommm i 00 gicnv 

TO. 0 1 — 1 Oafi%if SCi:«|3Jff*t<. 0. 0 

5-5a*%i-rsci*sj:oj!f*i,K 0. 0 5-1 

l£fi%if SCi*i#ta?*tl,\ COie-^MT&SO. 0 
1 Sa:%7fe!^-C»iig^l^$Wf ■53^»*5nc < . 1 0 «» 

[0 032] :^mM<Dmmijmi,t, mm^m(omm^± 
<0MW&mimm.^mzfm^^^><}:'>ic2 o o r pm« 

mm^^COWb^i-fBtiti 9. 8-98KPa (100 
-i OOOg f/cm') -r^^Cij&^SfSK. CM 

f5fc4?>fCtt. 9. 8-4 9KPa {100-5 00g 

ff^jtrM*>nr(,:>-&CiAS$iF* UIK W^I^Tt^co* 

*^S-&SCi*5jtf^L.l>, 
[0 03 3] 

i^mmmmmoim) v mit^-^&^h u < \tmo . 
4«sgi3tc7Ki 0 onmm^i:m^xm%^vfc^0^^m 

o~Si3*ia@^{bK5^7j< (.Kmmm.. 3 o«s%7j<?g?t) 

fc= 'Ov^b VTV^-.'l' (BTA) «:ftj^2.1«-^ 

« B T A 0 . 2 »Sg5 (BJi^^JS) * B T A 1 fift%7K 

?§«(7>jf5Ti}a^, 7j<^gf4^^%msii^»o. 0 5 
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^m-^ii^mmmmmommmt^ 103.4 mm^t tx 

(Op Hit. mi>U< itr>'f:::-TVmm^l'Xi.>'irtli> 
3. 0 + 0. 0 SCDlBfflrtJCi^jSct'StCU^t. 

[0 03 4 ] mmm 1 --ARmmm 1 - 2 m 1 

mm 
m 

K : ( I C 1 0 0 0 (of^-^l/tiSSf) ) 

mi^mh :24. 5KPa(250grf/'cm') 
SffiiWJg^i©+B)i?fii® : 1 8m/m i n (W^^J, 

a: i/jas : Jt^ U/c^PfflPJBiM (^S. 2 5 
•C. 1 0 0 r p m) .--«D?Sittim<DlBBi!SJS:^%« 
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^l+t?iBi^^K§i3iti 1 0 0 m. i^jliBi^i 1 0 Oiiin 

u r «*tJ:c < % s. i! t? 2 mfF^ ufc, 

fcieit^,Jlg)5is4. 5ym. Jga^MSPiJiO . b ixmt^St 

20 ■C«0^L./cS''-:>'i^ffi3&i, 2 0 nm^C^c*J:e>«:S«1f 
wmm 0 isteM 1 ~ 4 m:^mm 1 ~ 2 © c m p k 

[003 5} 
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12.00 
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Hi? 
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[003 7 ] btmm 1 ^Cm btcJ: ^> i^C^^ v Mit-^X 
^iSS0ll23aiyf4{Cj:i:'^Til3l©CMPa® (WHf 
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